A distillation system, particularly useful for the cryo genic distillation of feed air, employing a first column and a partitioned second column whereby three sepa rate product streams may be withdrawn from the parti tioned column. 
This invention relates generally to distillation, and is particularly useful in carrying out cryogenic distillation such as the distillation offeed air into product nitrogen, oxygen and crude argon.
BACKGROUND ART
A major cost in separating a feed into product by distillation is the capital cost of distillation columns. In the conventional cryogenic distillation of feed air to produce product nitrogen, product oxygen and product crude argon, three columns are used: a first column operating at a higher pressure wherein a preliminary separation is made, a second column operating at a lower pressure wherein product nitrogen and oxygen are made, and a third column wherein product crude argon is produced.
It is desirable to have a distillation system which can produce three products using only two columns as this would significantly reduce the capital cost of the distill lation system. In the case of cryogenic air separation, it is desirable to be able to produce crude argon directly from the lower pressure column thus avoiding the need for a third column. Accordingly, it is an object of this invention to pro vide a distillation column system comprising two col umns wherein a product may be produced from an intermediate point of the second column as well as from the upper and lower portions of the second column.
It is another object of this invention to provide a cryogenic rectification method for processing feed air wherein crude argon is produced while employing only two columns.
SUMMARY OF THE INVENTION
The above and other objects which will become ap parent to one skilled in the art upon a reading of this disclosure are obtained by the present invention one aspect of which is:
A distillation column system comprising a first col umn and a second column, said second column contain ing a longitudinally oriented partition extending through at least a part of the length of said second col umn to define a partitioned section, means for providing feed into the first column, means for passing reflux fluid taken from the first column into the second column, means for withdrawing waste from the partitioned sec tion of the second column, and means for withdrawing product from the partitioned section of the second col
Another aspect of the invention is:
A cryogenic rectification method comprising: (A) passing feed air into a first column and separating the feed air by cryogenic rectification within the first column into a nitrogen-enriched fluid and an oxygen enriched fluid;
(B) passing nitrogen-enriched fluid from the first column into a second column as reflux, said second column containing a longitudinally oriented partition extending through at least a part of the length of said second column to define a partitioned section.
(C) passing oxygen-enriched fluid from the first col umn into the partitioned section of the second column; As used herein, the term "column' means a distilla tion or fractionation column or Zone, i.e., a contacting column or zone wherein liquid and vapor phases are countercurrently contacted to effect separation of a fluid mixture, as for example, by contacting of the vapor and liquid phases on vapor-liquid contacting elements such as on a series of vertically spaced trays or plates mounted within the column and/or on packing ele ments which may be structured and/or random packing Vapor and liquid contacting separation processes depend on the difference in vapor pressures for the components. The high vapor pressure (or more volatile or low boiling) component will tend to concentrate in the vapor phase while the low vapor pressure (or less volatile or high boiling) component will tend to concen trate in the liquid phase. Distillation is the separation process whereby heating of a liquid mixture can be used to concentrate the volatile component(s) in the vapor phase and thereby the less volatile component(s) in the liquid phase. Partial condensation is the separation pro cess whereby cooling of a vapor mixture can be used to concentrate the volatile component(s) in the vapor phase and thereby the less volatile component(s) in the liquid phase. Rectification, or continuous distillation, is the separation process that combines successive partial vaporizations and condensations as obtained by a coun tercurrent treatment of the vapor and liquid phases. The countercurrent contacting of the vapor and liquid pha ses is adiabatic and can include integral or differential contact between the phases. Separation process ar rangements that utilize the principles of rectification to separate mixtures are often interchangeably termed rectification columns, distillation columns, or fraction ation columns. Cryogenic rectification is a rectification process carrier out, at least in part, at low temperatures, such as at temperatures at or below 150 K.
As used herein, the term "indirect heat exchange' means the bringing of two fluid streams into heat ex change relation without any physical contact or inter mixing of the fluids with each other.
As used herein, the term "feed air' means a mixture comprising primarily nitrogen, oxygen and argon such as air.
As used herein, the terms "upper portion' and "lower portion' mean those sections of a column respectively above and below the midpoint of the column.
As used herein, the terms "longitudinally oriented' means in the direction of the major axis of the column.
As used herein, the term "crude argon' means a fluid having an argon concentration of at least 70 mole per Cet. 5,339,648 3 As used herein, the term "reflux' means liquid used for countercurrent contact with vapor in a continuous distillation process. Referring now to FIG. 1, there is illustrated a distilla tion column system comprising first column 1 and sec ond column 2. Second column 2 contains longitudinally oriented partition 3 which extends through at least a part of the length of second column 2 to define parti tioned section 4 of the second column. Feed is provided into column 1 through conduit means 5. Top vapor from column 1 is withdrawn from the upper portion of column 1 and passed through line 6 into main condenser 7 and from main condenser 7 through line 8 into the upper portion of column 2 as reflux. A portion of the reflux is passed through line 9 into the upper portion of column 1. The cross-hatched areas represent the pres ence of mass transfer elements such as trays or packing. The packing, if used, may be either structured or ran dom packing. The partition may be made of any suitable materialso long as there is substantially no mass transfer across the partition. There may be heat transfer across the partition. The column cross-sectional area does not have to be divided equally by the partition. 1 the partition is a dividing plate such as that illustrated in FIG. 2 . Fluid from the lower portion of column 1 is passed through conduit means 10 into column 2 at the partitioned section.
In operation, descending liquid is collected, mixed and distributed to each side of the partitioned section by means distributor 11. The fraction of the liquid which is delivered to each side of the partitioned section is deter mined by the design of the distributor. For example, if using an orifice type distributor, the number of holes or the hole size would be different on each side of the partition. Vapor originating from the main condenser passes through a series of trays or packing before divid ing to flow on the two sides of the dividing partition. The division of the vapor is controlled only by the physical requirement that the pressure drop from the bottom to the top of the partition must be the same on both sides of the partition. At the design stage, different types of packing or combinations of trays and packing can be specified on each side of the partition to alter the fraction of the vapor which flows on each side of the partition. Product fluid is withdrawn through line 12 from the partitioned section of column 2 and waste fluid is withdrawn through line 13 from the partitioned sec tion of column 2 from the other side of the partition from which the product fluid is withdrawn. Other prod ucts may be taken from the upper portion and lower portion of column 2 through lines 14 and 15 respec tively, preferably from above and below partitioned section 4.
The operation of the invention will be discussed in greater detail with reference to FIG. 1 and in the con text of the cryogenic rectification offeed air to produce product nitrogen, product oxygen and product crude argon. In the cryogenic rectification of feed air, feed air is passed through line 5 into first column 1 operating at a pressure within the range of from 70 to 100 pounds per square inch absolute (psia). Within column 1, the feed air is separated by cryogenic rectification into nitrogen enriched vapor and oxygen-enriched liquid. The oxy gen-enriched liquid is passed from the lower portion of column 1 into second column 2 through line 10 into partitioned section 4. Second column 2 is operating at a pressure less than that of column 1 and generally within the range of from 16 to 25 psia. The nitrogen-enriched vapor is passed from the upper portion of column 1 into main condenser 7 wherein it is condensed by indirect heat exchange with column 2 bottoms to provide vapor upflow for column 2. Resulting nitrogen-enriched liq uid is passed in line 8 into the upper portion of column 2 as reflux. A portion of the nitrogen-enriched liquid is passed in line 9 into the upper portion of column 1 as reflux.
Within column 2 the fluids introduced into the col umn are separated into nitrogen-rich fluid having a nitrogen concentration of at least 99 mole percent which is withdrawn from the upper portion of column 2 in line 14 and, if desired, recovered as product, and into oxygen-rich fluid having an oxygen concentration of at least 98 mole percent which is withdrawn from the lower portion of column 2 in line 15 and, if desired, recovered as product. A crude argon product stream 12, having an argon concentration of at least 70 mole percent, is withdrawn from the partitioned section of column 2 from the other side of the partition from where oxygen-enriched liquid stream 10 is provided into column 2. Crude argon product stream 12 may be liquid or vapor. Waste fluid is withdrawn from the partitioned section of column 2 in line 13, preferably above the point where oxygen-enriched liquid is pro vided into column 2, and from the other side of the partition from where crude argon product fluid is with drawn from column 2.
In partitioned column 2 the liquid to vapor molar flow rate ratio is set to a level favorable to concentrat ing argon on the side of the partition in column 2 from which the crude argon product fluid is withdrawn. Specifically, the flow rate of liquid entering the parti tioned section, on the side from which the crude argon product is withdrawn, is set such that most of the nitro gen in the liquid is vaporized by the rising vapor before the liquid reaches the crude argon withdrawal point.
5,339,648
5 This also minimizes the loss of argon in the vapor leav ing the top of the partitioned section on the side from which the crude argon product is withdrawn. Setting the entering liquid flow rate much higher results in excessive nitrogen in the crude argon and setting it much lower results in excessive oxygen in the crude argon. In a conventional unpartitioned upper column there is less freedom to set the liquid to vapor molar flow rate ratio with the result that the maximum argon concentration of fluid produced in the column is limited to at most about 20 mole percent argon.
In the practice of this invention, the source of liquid reflux for the partitioned column is an additional col umn, identified as the first column. Previous practices employing a divided column provide reflux to the di vided column by condensing the overhead vapor leav ing the divided column. It is believed that the present invention has an advantage for control of the divided column. It is known that a divided column is difficult to control. The use of a separate column to provide reflux to the divided column effectively decouples the purity of the reflux from the operation of the divided column. In other words, upsets in composition or flow in the divided column will not affect the purity of the reflux which is supplied to the divided column by the other column. In conventional divided column practice, up sets in composition in the divided column will tend to influence the overhead product purity and hence the reflux composition which is returned to the column from the overhead condenser. The invention provides easier control for the operation of the column system.
In addition, in the practice of the present invention, a waste stream is withdrawn from the partitioned section 6 the various lines is controlled in part by appropriate valving as is well known to those skilled in the art and these valves are not illustrated in the Drawings.
Another method for controlling liquid flow is to use two separate liquid streams derived from different places of the first column. Two embodiments of this method are illustrated respectively in FIGS. 5 and 6. The preferred embodiment is shown in FIG. 5 where the composition of a second reflux stream 30 taken from first column 1 approximately matches the fluid compo sition in column 2just above the partition. The point at which the second nitrogen-containing reflux stream 30 is withdrawn from first column 1 is below the point where nitrogen-enriched top vapor 6 is withdrawn and generally at a point between 1 and 20 theoretical stages from the top of first column 1. Stream 30 is divided into streams 31 and 32 which are passed respectively to either side of divided distributor 22. In the embodiment illustrated in FIG. 6 , both reflux streams obtained from column 1 are introduced at the top of column 2 on separate sides of partition 3 which is extended to the top of column 2. Product, e.g. nitrogen, streams 35 and 36 having different nitrogen purities or concentrations are obtained from each side of divided column 2. As dis cussed previously, the flowrate of the second reflux stream can be varied to each side of the divided column using an external control valve.
In the practice of this invention for the cryogenic separation of air, the need for a third column to produce crude argon is eliminated. However, if desired, one can employ a third column to produce high purity argon and one such arrangement is shown in FIG. 7 wherein crude argon product stream 12 is passed into refined argon column 40. Oxygen-enriched liquid 10 is passed into refined argon column top condenser 41 wherein it is partially vaporized and from which it is passed as vapor stream 42 and liquid stream 43 into the parti tioned section of column 2. Within column 40 the crude argon feed is separated by cryogenic rectification into oxygen-richer liquid which is passed as stream 44 into column 2 and into refined argon having an argon con centration of at least 90 mole percent. In the embodi ment illustrated in FIG. 7 , refined argon vapor 45 is passed into top condenser 41 and resulting condensed refined argon liquid 46 is used as reflux in stream 47 and recovered as product 48. The refined argon may be recovered as vapor either alternatively or in addition to the liquid recovery illustrated in FIG. 7 .
The following example is provided to further illus trate the invention and it is not intended to be limiting.
A computer simulation of the invention was carried out with the embodiment illustrated in FIG. 1 and using air as the feed. The second column operated 45 theoreti cal stages below and 10 theoretical stages above the partitioned section. On the crude argon product side of the partitioned section there were 10 theoretical stages above and 50 theoretical stages below the crude argon withdrawal point. On the waste stream withdrawal side of the partitioned section there were 5 theoretical stages above the waste stream withdrawal point, 15 theoretical stages between the waste stream withdrawal point and the oxygen-enriched liquid introduction point, and 15 theoretical stages below the oxygen-enriched liquid introduction point. Nitrogen product stream 14 com prises 99.98 mole percent nitrogen at a pressure of 16.5 psia and oxygen product stream 15 comprises 99.8 mole percent oxygen at a pressure of 17.25 psia. Crude argon product stream 12 comprises 84.3 mole percent argon 5,339,648 7 and only 2.1 mole percent oxygen with the remainder mostly nitrogen. Thus, the cryogenic separation offeed air into product nitrogen, oxygen and crude argon, which heretofore required a three column system for effective separation, can now, with the practice of this invention, be attained with the use of only two columns.
Although the invention has been described in detail with reference to certain embodiments, those skilled in the art will recognize that there are other embodiments of the invention. For example, the invention may be employed to separate by distillation mixtures other than feed air into three product streams.
We claim:
1. A distillation column system comprising a first column and a second column, said second column con taining a longitudinally oriented partition extending through at least a part of the length of said second col umn to define a partitioned section, means for providing feed into the first column, means for passing reflux fluid taken from the first column into the second column, means for withdrawing waste from the partitioned sec tion of the second column, and means for withdrawing product from the partitioned section of the second col 2. The distillation column system of claim 1 further comprising means for passing fluid from the lower por tion of the first column into the partitioned section of the second column.
3. The distillation column system of claim 1 further comprising means for withdrawing product from the lower portion of the second column.
4. The distillation column system of claim 1 further comprising means for withdrawing product from the lower portion of the second column.
5. The distillation column system of claim wherein the partition has a planar shape.
6. The distillation column system of claim 1 wherein the partition has a cylindrical shape.
7. The distillation column system of claim 1 further comprising a divided distributor within the column for receiving reflux liquid taken from the first column.
8. The distillation column system of claim 1 further comprising additional means for passing reflux fluid taken from the first column into the second column, said additional means communicating with the first column at a point below the point where the other means for passing reflux fluid taken from the first column into the second column communicates with the first column.
9. The distillation column system of claim 1 further comprising a third column, means for passing product withdrawn from the partitioned section of the second 14. The cryogenic rectification method of claim 10 further comprising passing fluid withdrawn from the second column in step (E) into a third column and with drawing from the third column a fluid having an argon concentration of at least 90 mole percent.
15. The cryogenic rectification method of claim 10 wherein the waste fluid is withdrawn from the parti tioned section on the other side of the partition from where the fluid having an argon concentration of at least 70 mole percent argon is withdrawn. 16. The cryogenic rectification method of claim 10 wherein the waste fluid is withdrawn from the parti tioned section on the same side of the partition from where the oxygen-enriched fluid is passed into the sec ond column. c k ck ck s:
